C oronary artery bypass graft (CABG) surgery has been the standard of care for coronary revascularization. 1 However, during long-term follow-up after initial CABG surgery, patients are at risk of subsequent ischemia because of late graft failures and degeneration of native coronary arteries. 2 Regarding repeat coronary revascularization in previous CABG surgery cases, in particular for late failure of saphenous vein grafts, the number of patients referred for percutaneous coronary intervention (PCI) has been increasing. 2, 3 However, in patients with previous CABG surgery, the optimal revascularization strategy and risk stratification are not yet fully known. 4, 5 Background-The efficacy and prognosis of percutaneous coronary intervention (PCI) as secondary revascularization in patients with previous coronary artery bypass graft surgery remain uncertain. Methods and Results-We retrospectively evaluated 434 consecutive patients with previous coronary artery bypass graft surgery hospitalized for PCI between 2004 and 2011 (men 84%, age 71 (interquartile range, 66-76) years) and calculated the coronary artery bypass graft Synergy Between Percutaneous Coronary Intervention With Taxus score (CSS) before (baseline CSS) and after PCI (post-PCI CSS). Patients were divided into 2 groups based on median post-PCI CSS: low-score (≤23; n=217) and high-score groups (>23; n=217). Major adverse cardiovascular events (MACE) were defined as the composite of cardiovascular death, myocardial infarction, and unplanned repeat revascularization for myocardial ischemia. The median baseline and post-PCI CSS were 30 (interquartile range, 21-40) and 23 (interquartile range, 14.5-33.5), respectively. During a median follow-up of 69 months, the prevalence of MACE and cardiac death differed significantly between the 2 post-PCI CSS groups (MACE: low, 13.8%; high, 28.6%; P<0.001; cardiac death: low, 6.2%; high, 16.7%; P=0.002). In multivariable analysis, the high post-PCI CSS divided by the median was associated with substantially greater cumulative MACE (hazard ratio, 2.09; 95% confidence interval, 1.31-3.34; P=0.002) and cardiac death (hazard ratio, 2.02; 95% confidence interval, 1.03-3.98; P=0.042) compared with the low post-PCI CSS. Net reclassification improvement analysis revealed that post-PCI CSS resulted in significantly improved prediction of MACE and cardiac death compared with baseline CSS. Conclusions-In this external validation study, the CSS was a potential prognostic factor after subsequent PCI, even for previous coronary artery bypass graft surgery patients. (Circ Cardiovasc Interv. 2016;9:e003459.
Validation of the Coronary Artery Bypass Graft SYNTAX Score (Synergy Between Percutaneous Coronary Intervention With Taxus) as a Prognostic Marker for Patients With Previous Coronary Artery Bypass Graft Surgery After Percutaneous Coronary Intervention
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Hisao Ogawa, MD, PhD; Satoshi Yasuda, MD, PhD Prognostic Value of CABG SYNTAX Score After PCI Among patients with coronary artery disease (CAD) who are eligible for coronary revascularization, complete coronary revascularization is the preferred approach, but it is not often possible because of anatomic complexities of the coronary arteries, for example, diffuse disease, calcification, and chronic total occlusion. 6 The SYNTAX (Synergy Between Percutaneous Coronary Intervention With Taxus) score (SS) is an important objective tool in stratification of risk for patients being considered for revascularization and can predict mortality and morbidity in CAD patients. 7, 8 Moreover, the magnitude of the post-PCI SS, which represents the completeness of coronary revascularization, is associated with the clinical outcomes of patients with CAD after PCI. 9 Recently, the CABG SYNTAX score (CSS) has been proposed as an objective, quantitative measure of coronary anatomic complexity in the setting of CABG surgery, 10 and it was found that patients with a higher CSS had worse clinical outcomes than those with lower scores. 11 However, it is unclear whether the absolute amount of residual CAD after PCI performed as secondary revascularization is associated with clinical outcomes in patients with previous CABG surgery.
We therefore sought to validate the CSS, which represents and quantitatively evaluates the native coronary atherosclerotic burden and the incompleteness of coronary revascularization after CABG surgery, as a prognostic marker, even in previous CABG surgery patients with subsequent PCI.
Methods

Study Design and Population
Among the 5052 cases of PCI in our hospital from January 2004 to December 2011, 447 patients (659 PCI procedures) had undergone previous CABG surgery. After excluding the patients with Kawasaki disease (n=6), those who had undergone autologous mononuclear cell transplantation into the myocardium during CABG surgery (n=4), those with complications during coronary angiography and requiring PCI for bailout (n=2), those with Takayasu aortitis (n=1), and those with congenital heart disease (n=1), 434 patients (642 cases) were finally enrolled in this study ( Figure 1 ). Our heart team, which included both cardiologists and surgeons, discussed treatment strategies for the high-risk patients with previous CABG surgery who required secondary coronary revascularization.
This study was approved by the National Cerebral and Cardiovascular Center Institutional Review Board for Clinical Research (M22-075-2).
Calculating the Baseline and Post-PCI CSS
The CSS was calculated to identify all coronary artery lesions on both the baseline and postprocedural coronary angiograms in accordance with a previous report 10 (Methods section and Figure I in the Data Supplement). The baseline (bCSS) and post-PCI CSS were calculated on the basis of the remaining coronary lesions before and after PCI, respectively. Figure 2 shows 2 representative cases with associated baseline and post-PCI CSS. To assess intrarater agreement for the CSS using the intraclass correlation coefficient, the post-PCI CSS was calculated in 49 randomly selected cases at 1-year intervals by 2 different physicians. In this setting, the intraclass correlation coefficients for the 2 observers were 0.863 (95% confidence interval, 0.756-0.923; P<0.001) and 0.940 (95% confidence interval, 0.886-0.968; P<0.001), respectively. All correlation coefficients for calculating the CSS were >0.6, indicating at least substantial intraobserver agreement.
PCI Procedures and Follow-Up
The PCI procedures were performed using standard preparation and techniques, as reported in a previous study. 12 Procedural and technical preferences were left to the discretion of the operators. The recommended antiplatelet regimen after PCI was aspirin (ie, 81-100 mg/d) indefinitely and a thienopyridine (ie, 200 mg of ticlopidine or 75 mg of clopidogrel daily) for at least 12 months after drug-eluting stent implantation or for at least 3 months after bare-metal stent implantation. Follow-up information was obtained via telephone interview, mailed questionnaires, and documentation of outpatient review in the hospital databases. Clinical follow-up was performed from May 1, 2013, to December 31, 2013. Among the study patients, 292 (67%) regularly visited an outpatient office after discharge, and clinical information for these patients was obtained from a computerized
WHAT IS KNOWN
• Coronary artery bypass graft SYNTAX score (Synergy Between Percutaneous Coronary Intervention With Taxus) represents the native coronary atherosclerotic burden as well as the incompleteness of coronary revascularization in patients with prior coronary artery bypass surgery.
• The clinical outcomes and predictors of percutaneous coronary intervention (PCI) as secondary revascularization in patients with previous coronary artery bypass graft surgery remain uncertain.
WHAT THE STUDY ADDS
• This external validation study showed that coronary artery bypass graft SYNTAX score performed after PCI as secondary revascularization (post-PCI coronary artery bypass graft SYNTAX score) had longterm prognostic value in patients with previous coronary artery bypass graft surgery.
• The efficacy of PCI was still limited, especially in patients with high post-PCI coronary artery bypass graft SYNTAX score, because of higher numbers of comorbidities and advanced atherosclerosis. 
End Points and Definitions
The end points of this study were major adverse cardiovascular events (MACE), cardiac death, cardiovascular death, and all-cause death. MACE were defined as the composite of cardiovascular death, myocardial infarction, and unplanned repeat revascularization procedures that required urgent admission for clinical myocardial ischemia. Cardiovascular deaths were defined as deaths by myocardial infarction, heart failure, lethal arrhythmia, stroke, or peripheral artery diseases.
In the present study, myocardial infarction was defined as (1) cardiac enzyme elevation as demonstrated by a positive rapid Troponin T assay or elevation of serum creatine phosphokinase MB isoenzyme >2 times the upper normal value and (2) ST-T deviation on electrocardiogram. 13 Hypertension and diabetes mellitus were defined as described previously. 13 Hypercholesterolemia was defined as a fasting total cholesterol level ≥220 mg/dL or low-density lipoprotein cholesterol level ≥140 mg/dL. 14 Chronic kidney disease (CKD) was defined as an estimated glomerular filtration rate <60 mL/min/1.73m 2 or as hemodialysis dependence. 15 Complete revascularization was defined as all diseased arterial systems (stenosis ≥50% based on coronary angiography) receiving at least one graft insertion. 16 Patients undergoing multiple arterial CABG surgery in this study received ≥1 arterial grafts (internal thoracic artery [ITA], radial artery, or gastroepiploic artery) in addition to an ITA to left anterior descending (LAD) artery graft with or without additional vein grafts.
Statistical Analysis
To compare the clinical and lesion characteristics and the prevalence of various events in this study, the patients were divided into 2 groups based on the median of the CSS. Continuous values were compared using the Mann-Whitney U test and presented as the median with interquartile range (IQR). Categorical baseline variables were compared using Fisher exact test or the χ 2 test as appropriate. The cumulative event rates at 5 years were estimated by means of the Kaplan-Meier method. Comparison of clinical outcomes was performed with the log-rank statistics. To identify risk factors for MACE, cardiac death, all-cause death, and any revascularization, univariable Cox regression models were constructed using bCSS, post-PCI CSS, age, sex, CABG surgery year, left ventricular ejection fraction (LVEF) (%), previous myocardial infarction, previous heart failure, the presence of chronic total occlusions, peripheral artery disease, diabetes mellitus, hypertension, hypercholesterolemia, current smoking, and CKD. Stepwise selection for multivariable Cox regression with a P value of 0.1 for backward elimination was used to select the best predictive model. Assessment of the collinearity between baseline and post-PCI CSS revealed a high correlation between them (r=0.9058; P<0.001; Figure  3 ). Therefore, the bCSS was not included in the stepwise selection. Category-free net reclassification improvement was calculated to examine the prognostic importance of the post-PCI CSS compared with the bCSS. 17 We also conducted subgroup analyses for the clinical outcomes on graft PCI, diabetes mellitus, CKD, LVEF ≤45%, current smoking, age of ≥70 years, multiple arterial CABG surgery, and complete revascularization using forest plots. All analyses were performed using the statistical software JMP 12 (SAS Institute, Cary, NC) and STATA, version 13 (STATA Corp LP, College Station, TX). A 2-sided P<0.05 was considered statistically significant.
Results
Distribution of the Baseline and Post-PCI CSS
Of the 434 patients in the present study, 33 (7.6%) underwent subsequent PCI for early graft failure, which was defined as graft failure within 6 months after CABG surgery. 2 The . PCI was performed on the proximal SVG-to-PL lesion (e; white arrowhead). The baseline CSS was calculated to be 41. After PCI, the post-PCI CSS was 38. B, Case 2: A 63-y-old man with 3-vessel disease who underwent CABG surgery. Coronary angiography showed a patent bypass graft from the LITA to the LAD (f), severe stenosis at the distal LMT bifurcation and mid circumflex artery (LCX) (g; yellow arrows), and total occlusion at the proximal RCA (h). The baseline CSS (panels f, g, and h) was 45. After stent implantations from the LMT to proximal LCX and at the mid-LCX lesions (panel i; yellow arrowheads), the post-PCI CSS was 20. Prognostic Value of CABG SYNTAX Score After PCI median period from first CABG surgery to subsequent PCI was 96 (IQR, 46-155) months. Figure 3 shows the distribution of the bCSS and post-PCI CSS and scatter plots showing the correlation between them. The median bCSS and post-PCI CSS were 30.5 (IQR, 21-40) and 23 (IQR, 14.5-33.5), respectively ( Figure 3A and 3B) . The post-PCI CSS was positively correlated with the bCSS ( Figure 3C ).
Patients were divided into 2 groups according to the median post-PCI CSS: low-score (≤23, n=217) and highscore groups (>23, n=217). Table 1 and Table I in the Data Supplement summarize the clinical and angiographic characteristics of these 2 groups, as well as their medications. Compared with the low post-PCI CSS patients, the high-score patients were characterized by an increased prevalence of the following clinical comorbidities: CKD (P=0.043), previous heart failure (P=0.016), peripheral artery disease (P<0.001), reduced LVEF (P=0.003), and acute coronary syndrome at first clinical presentation (P=0.030). Moreover, the high post-PCI CSS patients had a longer duration since previous CABG surgery and a higher prevalence of 3-vessel disease, left main disease, and chronic total occlusion. Baseline lesion locations and characteristics are summarized in Table 2 . Compared with the low post-PCI CSS patients, the high-score patients were characterized by lower procedural success and a lower rate of stent usage, as well as an increased prevalence of instent restenosis treatments and bypass graft PCI, especially for saphenous vein grafts. At the index PCI, the patency of any LAD graft, including ITA grafts, and the prevalence of graft PCI as a target vessel in high post-PCI CSS patients were higher than those in low post-PCI CSS patients (83.8% versus 74.9%; P=0.027; 86.0% versus 77.2%; P=0.023; and 29.5% versus 15.2%; P<0.001), although the number of any LAD graft type was comparable between the low-and high post-PCI CSS groups ( Table 2 ; Table II in the Data Supplement). In individuals with any graft to the LAD, the ITA was used as a conduit ( 
Post-PCI CSS as a Clinical Predictor in Patients With Previous CABG Surgery Undergoing PCI
During a median follow-up of 69 (IQR 41-91) months, 83 (22.8%), 44 (12.2%), 150 (13.4%), and 90 of 434 patients (27.2%) reached the end points of MACE, cardiac death, any revascularization, and all-cause death, respectively ( Table IV in the Data Supplement). The Kaplan-Meier cumulative curves divided by the median of the post-PCI CSS showed that compared with the low post-PCI CSS group, the high-score group was associated with greater MACE (low, 13.8%; high, 28.6%; P<0.001), cardiac death (low, 6.2%; high, 16.7%; P=0.002), any revascularization (low, 31.7%; high, 47.2%; P=0.003), and myocardial infarction (low, 0.6%; high, 3.3%; P=0.049) and tended to be associated with greater all-cause death (low, 18.8%; high, 26.0%; P=0.083); Figure 4 ; Figure IIA in the Data Supplement). However, the cumulative cerebrovascular events were comparable between the 2 groups (low, 3.3%; high, 1.7%; P=0.355; Figure IIB in the Data Supplement). These subgroup analyses indicate no significant heterogeneity of the post-PCI CSS effect across graft PCI, diabetes mellitus, CKD, LVEF ≤45%, current smoking, age of ≥70 years, multiple arterial grafting, and complete revascularization at index CABG surgery ( Figure 5 ). Univariable Cox regression analysis showed that a high post-PCI CSS was a significant predictor for MACE, cardiac death, and any revascularization and tended to be a significant predictor for all-cause death, compared with a low post-PCI CSS (Table 3 ). Multivariable analysis showed that a high post-PCI CSS was an independent factor for MACE, cardiac death, and any revascularization ( Table 3) . To compare the clinical importance of the bCSS and post-PCI CSS as predictors, net reclassification improvement analyses were conducted. The Table 4 ).
Discussion
This is the first external validation study to show the clinical importance of the CSS and the association of a high post-PCI CSS with worse clinical outcomes in previous CABG surgery patients.
Clinical Significance of the CSS Following PCI in Previous CABG Surgery Patients
CABG surgery is a well-established treatment in patients with ischemic heart disease. 1 Moreover, employment of multiple arterial grafting along with an ITA to LAD graft in patients with multivessel CAD results in improved longterm prognosis compared with PCI. 18 Of note, progression of native coronary atherosclerosis or late graft failure can develop after initial CABG surgery. Therefore, secondary coronary revascularization is indicated in the presence of myocardial ischemia or angina symptoms that persist despite optimal medical treatments. However, most patients with previous CABG surgery are elderly and have more comorbidities (renal failure, peripheral artery disease, and reduced left ventricular dysfunction), as well as extensive CAD. These patients require additional surgical techniques during redo CABG surgery to manage pericardial and mediastinal fibrosis and scarring related to the previous operation. In the Society of Thoracic Surgeons Adult Cardiac Surgery database, ≈90% of cases with initial CABG surgery used ITA grafting. 19 Probably because of the increased use of ITA grafting during the primary operation, the utilization of the ITA in redo CABG surgery has decreased. 19 Recently, the SYNTAX score, an objective and anatomic scoring system based on coronary angiography, has been used to determine the types of coronary revascularization in CAD patients. 4, 7, 8 However, there are few objective scoring systems for previous CABG surgery patients after coronary revascularization. 8, 20 The CSS has been proposed for evaluating the native coronary atherosclerotic burden and also for assessing the whole myocardial ischemic burden after CABG, which together could predict clinical outcomes in previous CABG surgery patients. 10, 11 This study showed the clinical significance of the CSS after repeat revascularization by PCI in previous CABG surgery patients. As shown in Table 1 , patients with a high post-PCI CSS had older bypass grafts, higher prevalence of CKD and peripheral artery disease, previous heart failure, lower LVEF, and a higher bCSS compared with those with low scores. These findings suggest that patients with a high post-PCI CSS have more severe comorbidities and more advanced coronary atherosclerosis at baseline (before PCI). Taken together with previous results showing that residual myocardial ischemia after PCI was associated with patient outcomes, 9, 21 the post-PCI CSS may also be used to gauge future risk for previous CABG surgery patients after PCI.
Limited Efficacy of PCI and the Importance of Secondary Prevention in Prior CABG Patients
Contemporary PCI techniques allow for the treatment of complex coronary atherosclerosis (eg, diffuse coronary stenosis, severely calcified lesions, bifurcation lesions, and chronic total occlusion). 22 As shown in Table 2 and Table II in the Data Supplement, patients with a high post-PCI CSS were characterized by higher patency of any LAD grafts (including those involving the ITA), a higher prevalence of PCI for saphenous vein grafts, a lower prevalence of PCI for native coronary arteries, and a lower rate of procedural success compared with patients with low post-PCI CSS. Severely advanced coronary atherosclerotic lesions limit the application and efficacy of PCI for native vessels, 22 which may be related at least in part to high post-PCI CSS and worse clinical outcomes. Grafted vessels are an alternative PCI target, and the proportions of grafts as PCI targets correlated positively with the amount of time after CABG. 23 In the present study, there were 97 patients (22.3%) with PCI of grafted vessels, and PCI of saphenous vein grafts accounted for 73% of these. Furthermore, compared with PCI of native coronary arteries, PCI of grafted vessels, especially saphenous vein grafts, was associated with worse clinical outcomes, mainly because of distal embolization during PCI and target vessel revascularization. 24 The limited efficacy of PCI demonstrated by these findings highlights that redo CABG surgery with multiple arterial grafting is a therapeutic option for secondary revascularization, even when considering operative risks. 4, 18, 19 We performed this analysis to examine the prognostic benefit of the post-PCI CSS compared with the bCSS, as shown in Table 4 . The addition of the post-PCI CSS to the model composed of bCSS, age, male sex, and LVEF tended to improve In addition to PCI, aggressive secondary preventions, including optimal medical therapy and smoking cessation, are particularly important to prevent both native coronary atherosclerosis and bypass graft degeneration and to improve their clinical outcomes, although optimal medical therapy and smoking cessation are still achieved infrequently. [25] [26] [27] 
Study Limitations
The present study has several limitations. It used a singlecenter cohort design. Multicenter studies with larger numbers of patients are needed to clarify the effects of PCI in previous CABG surgery patients. Although, to the best of our knowledge, this is the first external validation study of the CSS, intraobserver agreement on the CSS was defined as at least substantial. This is comparable to the results of previous studies. 9 It is difficult to obtain better agreement when estimating relatively complex coronary artery lesions based on coronary angiography, especially bifurcation lesions. 28 To resolve this issue, physiological assessments (eg, functional SYNTAX score using flow wire) and reproducible methods (eg, webbased calculator or smartphone application) to estimate both coronary complexity and myocardial ischemic burden might be warranted. 29 The net reclassification improvement analysis suggests that the post-PCI CSS might have more predictive value than the bCSS in previous CABG surgery patients with subsequent PCI. The mailed questionnaires or telephone interviews used to obtain clinical outcomes in this study were not validated and may therefore have underestimated patients' subsequent nonfatal events. Further studies are needed to determine the clinical significance of the post-PCI CSS.
Conclusions
The present findings indicate that the CSS represents, in part, incomplete coronary revascularization after PCI and is a potential prognostic factor for previous CABG surgery patients.
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